Abstract. The seawater desalination technology provides an effective way to solve the shortage issue of freshwater resources. This paper describes current water resource situation of Shandong Province which calls for a seawater desalination system serve itself continuously. Having analyzed the current situation of wind and solar energy recourses in Shandong, this article bring up reverse osmosis desalination using wind and solar hybrid power, and theoretical design and matching calculation in the process also has been carried out. Additionally, economic calculation was conducted. The results show that the combination use of wind and solar power in seawater desalination has certain economic benefits, as well as improving the proportion of unconventional water's usage.
Introduction
It is generally known that China's total water resources are 2.8412 trillion m 3 which accounting for 6% of global water resources and ranking sixth in the world [1] , but Chinese per capita water resources is only 2152m 3 , about 1/4 of the world average level. Accordingly, China is one of the 13 water-poor countries. The freshwater resources of Shandong Province are limited by geographical constraints, rainfall and other natural conditions, it has 15 cities belong to the dry-type regions [2] which the proportion at the forefront of the country. The main current measures taken to solve the problem of water shortage in Shandong Province as the construct the water storage projects, inter-basin water transfer, increase water conservation and waste water treatment, etc. which are unable to increased total water resources [3] . Thus, the use of renewable energy in the desalination industry will be the implementation of an important way to solve the lack of fresh water of Shandong Province.
Status of Water Resources in Shandong Province
"The Communique of Shandong Province Water Resources " (2005 to 2013) [5] showed that the total water resources in Shandong Province dry years and wet years vary widely with precipitation change, such as the total water resources were 41.586 billion m 3 in 2005, and the total water resources were 19.978 billion m 3 in 2006. The amount of water usage remained at around 22 billion m 3 . The variations of the water resources and usage are shown in Table 1 .
"The Communique of Shandong Province Water Resources" also showed that the structure of water supply had adjusted (shown in Table 2 ). The proportion of utilization of seawater in total amount was 8.1% in 2005 which increased to 25.7% in 2013, water supply curves are shown in Figure  1 . With the adjustment of industrial structure in Shandong Province, the amount of water used for irrigation fell by about 1.1 billion m 3 , the amount of industrial water, urban public water, domestic water, water for environment etc. had increased slightly. The proportion of consumption of irrigation water in total amount was 60% in Shandong province in 2013, the amounts of water consumption are shown in Table 3 . By the end of 2013, the comprehensive water consumption rate of Shandong Province was 65.2%, the water consumption rate of including irrigation, forestry, animal husbandry, livestock and fisheries, urban ecological environment was about 72%, the water consumption rate of industrial, urban and domestic water was about 45% to 50%, all the numbers far below the international advanced level.
The contradiction between supply and demand in Shandong Province outstanding. The water environment has become a major bottleneck of economic and social development in Shandong Province. However, Shandong has an excellent geographic environment (coastline longer than 3000 km, located in the variable zone) which is suitable for the development of desalination. Therefore, desalination is one of the measures to solve the lack of current freshwater resources of Shandong Province. 
Desalination Options
Desalination of seawater by removing most of the salts, so that the treated seawater to reach the standards of water for life and production [6] . The current desalination technology over more than 20 species, including reverse osmosis, low temperature multi-effect, multi-stage flash, vapor pressure, dew point evaporation, heat generation and reverse osmosis. Reverse osmosis process make pressurized seawater through a semipermeable membrane and separate from the brine to achieve fresh water which is mainstream technology in today's desalination.
Since the driving force of the reverse osmosis process is the pressure, during the process did not occur phase transition, the semipermeable membrane only acts as a "screening" effect, so lower required energy consumption of seawater reverse osmosis separation process, therefore the reverse osmosis process is the most energy efficient way. The ratio of desalinization of reverse osmosis process is higher than 99.3%, the water can be removed in most of the organic matter, colloids, viruses and suspended solids, and with simple equipment, less energy consumption, small footprint, low investment, easy operation, high efficiency, low running costs, strong adaptability, wide range of applications etc. [7] , it is a most promising desalination technology.
This article designed reverse osmosis desalination systems freshwater quality production should reach the requirement of GB5749-2006 "standards for drinking water". 200 construction of wind and solar hybrid desalination plant in the suitable areas of coast of Shandong, the producing water target of each desalination system is 20 m 3 /h, a total daily production of fresh water 96000 m 3 . According to statistics [6] , in the design of water production target electrical equipment rated at 39.4kW, maximum power does not exceed 178.6kW.
Design of Wind and Solar Hybrid Desalination System

Calculation of Wind Power
Shandong Peninsula has a unique geographical location and natural conditions in wind energy development and utilization. The wind speed of Shandong Peninsula coast annual average 3.6 -6.9 m/s, in which the wind speed is the minimum wind speed Rizhao 3.6 m/s, the maximum wind speed of Longkou and Qianliyan areas the wind speed reaches 6.9 m/s, most parts of the effective wind speed (3-25m/s). Effective wind time annual total 5000-7000 h, the longest Longkou effective wind time reached 7500 h.
Generating capacity of wind turbines W can be calculated as: In order to improve the utilization efficiency of the wind, this article using 3 kW Wind Generator. The power characteristics [6] shows that in 6 m/s wind speed, its generated power reaches 0.57 kW. In that case when the effective wind time 6500 h annual 3705 kWh, average daily power generation 10.2 kWh. The number of wind turbines is 93 if all use of wind power.
Calculation of Solar Power
2013 Shandong coastal areas monthly average sunshine hours were 194.5 h (shown in Table 4 ), Yantai annual sunshine time is 2458 h, Qingdao annual sunshine time is 2200 h, Weihai and Yantai had beneficial solar energy generation. When calculating the average daily sunshine duration taken to 6.4h, this article choice of a single peak power of 220 Wp monocrystalline solar panels (effective light receiving area of 1.6m
2 , a size of 1.7 × 0.9 × 0.45m), assume power loss about 30%, the average daily power generation of about 1.0kWh, The number of solar panels is 947 if all use solar power.
Matching Calculation
Solar and wind energy complementary in time and geography, under appropriate meteorological resources and power structure conditions, wind and solar power generation system can afford a continuously reverse osmosis desalination system.
According to circumstances of current industry, a 3KW wind turbine's price is 15,000 yuan, a 220Wp monocrystalline silicon solar photovoltaic panel's price is 2600 yuan, established mathematical model as:
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Here N w is number of wind turbines, N S is number of solar photovoltaic panels, P w is generating capacity of wind generators, [kWh], P S is solar photovoltaic panels generating capacity, [kWh] , P load is desalination on power consumption, [kWh] .
Due to the high cost of solar power, the optimal solution of the model is carried out as much wind power and solar power as little as possible. One-sided pursuit of economic costs to a minimum does not meet the original intention of wind and solar power generation. Therefore, choose wind power and solar power ratio is 4: 1, that number of wind turbines is 74 and the number of solar photovoltaic panels is 191. In this situation, generating capacity of wind turbines is 754.8 kWh, generating capacity of solar photovoltaic panels is 191.0 kWh, wind and solar power generation system total generating capacity of 945.8 kWh. Daily power consumption is more than desalination 945.6kWh, wind turbines and solar voltaic panels cost about 1.607 million yuan, the batteries cost about 0.5 million yuan, wind and solar power system cost about 2.107 million yuan.
Economic Indicators and Water Conservation Society Index Calculation
This article is designed to rely on wind and solar power to maintain reverse osmosis desalination systems, it has considerable economic benefits: desalination of seawater daily 96,000 m 3 , produced freshwater quality to achieve quality of life drinking, calculated in accordance with the market price 2 yuan / m 3 , the value of daily output of freshwater is 192 thousand yuan, with an annual output of fresh water worth about 70 million yuan. Without taking into account the initial investment in the construction and maintenance of desalination plants the cost of the case, it takes about 6 years to return on investment.
Desalination in line with the goals of water-saving society-building Shandong Province, improve the proportion of unconventional water sources in water resources: ]. The result shows that desalination have improved water-use unconventional alternative water ratio was 0.016%.
Summary
In this paper, the existing water resources and environment of Shandong Province were quantified analysis, according to the statistical data of Shandong wind and solar power generation calculation, the wind and solar desalination system has been designed. The results shows that in simplified terms about some variables, it takes about 6 years to return on investment and the desalination improved the proportion of conventional water use of alternative water resources.
Take advantage of wind and solar power to desalination in some islands or coastal areas where without electricity, both to protect the island's natural environment, but also provide energy and fresh water, saving for the island to lay cables and pipelines freshwater inputs.
